The ground state of N, with varying Lone! length is described with the UHF theory.
It is \vell known that the Restricted Hartrce-Fock (RHF) theory fails to describe the dissoc-iation of a hydrogen molecule into two hydrogen atoms. The Unrestricted Hartree-Fock (UHF) theory, on the othe.r hand, was shown to provide both the ground state potential curve with correct asymptotic behavior and the wave function which converges to the isolated atoms in the dissociation limit 11 ' 21 It was also shovvn that the UHF theory is able to describe the clisso::iatioa of the double bond of olefin 3 l and the bond of molecular oxygenD and to provide the reasonable physical pictures about the electronic processes which involve rathe1· complex electronic correlation effects. These results suggest that the UHF theory is able to describe dissociation of a chemical bond of any ];;incl. In order to confirm this, we consider in this paper the dissociation of the triple bond of N 2 • \Ve shall show that the UHF theory is able to describe the dissociation prol:ess, +N(" (1) \Ve examme firstly the instabilities of the RHF ground st1te in the dissociation process and the nature of the UHF solutions emergmg from the instabilities.
Secondly we perform a configuration usc of the UHF natural orbitals.
of the UHF ground stiite with the § 2. Notations and mci!wd of calculation
We usc the coordinate system of the diatomic molecule in which the z ax1s We use the notations proposed previously by one of the authors 5 J for the types of UHF solutions and their instabilities.
The following SCF calculations were carried out with an IND0 6 J UHF program using the direct minimization algorism proposed by the present authors.n When a UHF solution lF is obtained, its instability matrices of all kinds, whose explicit forms were given in Ref. 5b), are calculated and their eigenvalues and eigenvectors are obtained. If an eigenvalue of an instability matrix is negative, i.e., an instability of lF occurs, then the new UHF solution emerging from the instability is calculated as follows. The trial occupied and unoccupied spin orbitals (/Ja (t) and q;" (t) for the new solution are put in the following form: 
The coefficient e1 of the first order term vanishes because lF is a UHF solution and the coefficient e2 is just identical with the negative eigenvalue of the instability matrix. The parameter t is determined so as to minimize (3) . We can obtain the new UHF solution by feeding the trial q; (t) into the iteration cycle of the algorism given in Ref. 7) . The initial SCF cycle searching for UHF solutions starts of course with the RHF solution.
All the spin polarized UHF solutions which appear in the dissociation process of N 2 are of DODS (different orbitals for different spins) type as we shall see below. We represent their orbitals using Amos and Hall's corresponding orbital representation 8 J for DODS UHF orbitals. In the present system, ten valence electrons enter into orbitals constructed with eight MO bases, so that among the five pairs of corresponding orbitals at least two should form closed shells and at most three could be splitting for up and down spins. The orbitals in the closed shell part of the corresponding orbitals tend to 2s atomic orbitals (AO's) in the dissociation limit and those in the open shell part tend to 2p AO's. The four electrons in the closed shell part are of non-bonding character, and the explicit discussion on them is not given in the following. In all the UHF solutions dis- cussed below, the three spin polarized pairs of corresponding orbitals are given in the form: 
where the llll':mg parameters satisfy the constraints l:c = -ly = }, and A6 = 0, because of the j" symmetry of the eigenyector of the instability matrix. The electrons in 9.c + and c;,,-orbitals localize onto one atom and those in (/.v-and q;,, , _ onto another atom as shown in Fig. 3 (b) . The (J orbitals remain completely delocalizecl.
With increase of R, ASDvV2 becomes A, ill, unstable for the spin unflipping (j->u* transitions and another ASDvV solution, ASDW/, emerges. In ASDW/, the (J orbitals also become spin polarized as
L1. lgawa and H. Fulwtomc
while the 7t orbitals have the same form as (6) . The parameter l. has the same sign as A. Both A and A6 approach rr/2 at R= =. Consequently, two up spin and one down spin electrons localize onto 2Px, 2p, and 2jJ 11 AO's of one atom, respectively, and two down spin and one up spin electrons onto 2iJx, 2jJ, and 2P 11 AO's of another atom as shown in Fig. 3 (c) . Thus ASDW2' converges to an atomic state with a mixture of the 2 P and 2 D states.
The third instability of the RHF ground state is a 1 ST+ instability caused by the singlet transitions with the .:l.u symmetry and a charge density wave (CDW) sol uti on emerges from it ( Fig. 3 (d) ). The CDW orbitals form a closed shell and have the form ±_,,
The electrons in the (/Jx = and ~? 11 ± orbitals localize onto different atoms. The u orbitals remain completely delocalized.
At an increased R, the CDW solution becomes 3 ST_ unstable for the triplet u->u* transitions and an ASDW type solution, ASD\V3, emerges from the instability ( Fig. 3 (e) ). In this ASDW3, the TC orbitals remain to be of closed shell with the same form as (8) but the u orbitals become spin polarized at R =co is identical with the full CI \Yave function. All ten configurations are necessary to get the correct description of the dissociation. The total weight of the five configurations with excitations of four and six electrons amounts to 50% at R= oo. That of the four configurations with the triplet-triplet spin coupling also amounts to 50% at R = co. These results indicate essential importance of configurations with excitations of more than two electrons and those with triplet-triplet spin coupling in the dissociation process of the triple bond. Limiteel CI calculation neglecting multiple excitations may lead to qualitatively incorrect results for such a process. We note that the instability of the RHF solution occurs just in the region where the weight of rr->n:* excitations in the full CI wave function increases rapidly. With the increase of R, the weight of 7r·-'>7r* excitations increases firstly and that of rJ->u* ones secondly in the full CI wave function. Similar behavior is also found in the 'ASDW, wave function. It is owing to the fact that }, increases more rapidly than l, beyond the instability threshold, though both A and A6 tend to rc/2 at R= co. We see in Fig. 4 that the 'ASDW, wave function nicely approximates the full CI one in the region R>2A.
Yamaguchi and coworkers'') have indicated that the set of the UHF natural orbitals is a good basis for the CI expansion giving rapid convergence. The UHF theory has the ability not only to provide good natural orbitals but also to select out important configurations. The examples of N 2 and 0, show that a complicated CI with multiple excitations may become of essential importance in the ground state of chemically reacting molecules. The projected UHF wave function a utomatically selects out the configurations of essential importance in such a complicated CI. The ability of the UHF theory is very useful in analyzing complicated wave functions of chemical reaction system with strong electronic correlation.
